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RESEARCH MEMORANDUM

AN EXPERTMENTAT. INVESTIGATION OF A JET-ENGINE NACELLE
IN SEVERAL POSITIONS ON A 37.25° SWEPT-BACK WING

By Robert E. Denmnenberg and James R, Blackaby

SUMMARY
Wind—tunnel tests of a Je’o—eggine nacelle on & semlspen wing having
the leading edge swept back 37.25° were made to determine the effects of
the nacelleo on the asrodynamic characterilstics of the wing. The wing had
an aspect ratio of 6.0k and the tip chord was half the root chord. The

nacelle was mounted in three positlons: centrally and low on the wing at
the 31—percent—semlspan station and centrally at the wing tlp,

In compariscn with the force characteristics of the wing alone, the
addition of the nacelle to ths wing in each position resulted in favorable
interference on the maximum—1if+t and pitching-moment characteristlcs and
In a small Increase in drag.

The ram—pressure recovery in the inlets was at least 95 percent of
free—stream ram pressure for :Lnlet—valocity ratios less then wmlty and
positive angles of attack up to "{ .

For the wing-nacells comblnatlions, the critical Mach numbers pre—
dicted for locatlons corresponding to the crest of the airfoll did not
vary with inlet veloclty and were, in gemeral, higher than those predlcted
for the crest of the alrfoil alone, The crest was defined as the location
at which the airfoil surface was tangent to the free—stream dirsction.

INTRODUCTION

Tosts were reported In reference 1l of the effects om the low—speed
aero gna.mic characteristics of a wing with the leading edge swept back
37.25Y produced by the eddition of a nacelle in various positions on the
wing, That nacells was a solld ellipsoldal body with a fineness ratio
of 5.0 and it had no provision for Internal air flow. The present report
is a contlnuation of the Investigation reported in reference 1 and pre—
gents a summatlon of the effects accompanylng the additlion of a nacells
with internal air flow to the same swept—back wing. The nacelle was
mounted at the 31-percent-semispan station of the wing in & central and
In an underslung position and also at the wing tip in a central position,
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In accordance with the findings of reference 1, the leading edge of
the nacelle for each nacelle position was located at or near the leading
edge of the wing in an attempt to obtain favorable velocity distributions.
in the wing-nhacelle Junctures. Two alr inlets, one normal to the nacells
exls and one swept nearly parallel to the leading edge of the wing, were
tested on the nacelle in the underslung inboard position. The nacelle in
the central Inboard positlion had a swept alr inlet at the leading edge of
the wing, while In the tip position the nacelle had an alr inlet normal
to the longitudinal axis,

Force and pressuré-distribution measurements wers obtained for the
wing alone and for the wing with the nacelle in each of the three posi-

tions,

NOTATION

The following coefficients and symbols are used:
b/2 wing semispan normal to root chord, feet

c local wing chord parallel to root chord, feet
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drag coefficient (D/qyS)

drag coefficient of nacelle (excluding internal drag) based om
nacelle frontal area (AD/q.F)

)

Cr, 11t coefficient (L/qyS)

pitching-moment coefficient (M/g,ST)
drag, pounds -
external drag increment due to nscells, pounds

basic nacells inlet diameter, Inches

necelle frontal area, sguare feet

m‘#p-%ug)

" total pressure, pounds per square foot
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H.—
—2—32 ram—recovery ratio
Bo—Do
1ift, pounds
M piltehing moment about a lateral axis through the guarter point of

the mean aerodynamic chord, foot—poumds

Ly )

MYAQonITa AnS
MNLUOURDQUWLT VUG,

do

ho) statlc pressure, pounds per square foot
q dynamic pressure, pounds per square foot (%pvz)
S wing area (semispan), square feet
t maximum nacelle diameter, Inches
v velocity, feet per second
V,/V, inlet~velocity ratio
X basic nacelle forsbody lengt}:-t, Inches
kg perpendiculasr distance from root chord along semispan, feet
o angle of attack, degrees
o) mass density, slugs per cuble foobt

Subscripts
) local
o] free stream
un wncorrected
- station of minimum inlet area
2 statlon of Inlet rake

MODEL AND APPARATUS

The model wing, of 5-food semlspan, used for these tests had the
leading edge swept back 37.25°, the aspect ratio was 6,0k based on full



b NACA RM A50A13

gpan, and the ratio of tip chord to root chord was 0.5, Normal to the
27.06-percent-chord line (measured streamwise), the wing had the NACA

611- ~212 gectlion and there was no twlst, A sketch of the plen form of the
wing is shown iIn figure 1, Coordinates for the NACA 64,-212 alrfoll sec—
tlon are given In reference 2. Coordinates for sections parallel to the
dirsotlon of the free &tream are presented in table I,

The semlspan wing was mounted in one of the Ames T— by 10-foot wind
tumnels on a dummy tumnel floor which served as a reflection plane sim—
ulating a.plane of symmetry (fig. 2). Ths dummy floor, which separated
the boundary layer of the tumnel floor from the model, extended 8 feet
upstream and 9 feet downstream from the cemnter of rotation of the modsl.
A falring was provided around the portion of the model between the turn—
tables of the timnel floor and of the Aummy floor. There was & gap of
approximately 1/8 inch between the end of the model and the turntable of
the dummy floor to permit the forces acting on only the model to be meas—
ured by the tunnel balance system, Thils gap was made small to keep air
leakage Into the tumnel near the model to a miniwwm,

The nacelle was mounted on the wing In both a central and an under—
slung position at the 3l-percent—semispan station and in a central posi-
tion at the wing tip. (See fig. 3.) In the central position, the nacells
axis was colncident with the wing chord plane. In the underslung position,
the nacelle axls was 1,25 inches below the wing chord plane, Pertinent
detalls of the nacelle are glven in table IT,

DESIGN OF NACELLE

The nacelle design was dlctated by the slze and alr requirements of
a Jet englne 39 inches iIn diameter. The model scale was selected as one—
gixth full scale for the nacelle in the Inboard positions., This was
thought to be too large for a nacelle at the wing tip so, for the tip
positlion, the scale was reduced to one—seventh full scale. The basic
nacelle shape was an axlally symmetric body based on parameters Intro—
duced In the developmsnt of the NACA l-—series nose Inlets In reference 3.
These paremeters Include the ratlos of inlet diameter and forebody length
to maximm nacelle dlameter.

The maxlimum nacelle dlameter, govermed by the Jet—englne dlemeter
plus an allowance for structural members, was 7.20 Inches, model scals.
A fineness ratlo of 5, based on the actual basic nacelle-body length,
was chosen since that value was used in the preliminary solid-body
investigation (reference 1). The resulting basic nacelle length was 36
inches., This was equal to about 1.6 times the wing chord at the inboard
nacelle station and was consldsred to be In keeping with current high—
speed design practice.
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The ratio of inlet dlameter to maximum nacelle diameter (d/t) was
selected as 0.45 in order to satisfy the engine air requirements for an
inlet-veloclty ratio of 0.55, corresponding to a trus alrspeed of 550 mlles
per hour at an altitude of 40,000 feet. The NACA l-series design charts
(reference 3) were entered with these design parameters:

i/t = 0.45

Va/Vo = 0.55
and the ratio of nacelle forebody lengbth to maximm diemsber was selected

as
X/t = 2.0

vielding a forebody length of 1k.k inches. With these values for the
deslgn paramebters, the charts Indicated that velocity peaks would mot form
over the lips of the isolated nacelle operating with the deslgn inlet—
velocity ratio.,

For the extermal forebody shape, the NACA l-—serles profile was closely
gpproximated by a second—degree curve constructed by the method of conlc
lofting described in reference 4, The NACA l—series shape at the nose was
replaced by an arc with a radius of 0.1513 inches. The shape of the
naecelle afterbody was designed to avold severe pressurs gradients and was
tapered and then cusped near the outlet,

_ A nacelle of thils baslc deslign would not ordinarily be mounted
Inboard on the swept wing with 1ts nose at the leading edge of the wing
without modifications to the inlet, With the nacelle In the central
position on the wing at 31 percent of the semlspan, the Inlet was swept
to coincide with the wing leading edge (figs. 3(a) and L4). This sweeping
was accomplished by translating the lofting control lines of the basic
forebody shape fore or aft so that the plame of the nacelle lsading edge
corresponded to a plene at the wing leadlng edge perpendicular to the
wing—chord plane,

Further modification of the inlet was necessary for the nacells in
the wnderslung position, In order to avoid acute angles between the
nacelle and the wing near the wing leading edge, and, at the same time
to keep the position of meximum thickness relative to the wing chord
the same as for the nacelle in the central position on the wing, the
forebody length of the basic design was rednced. Thus, at 31 percent
of the semispan of the wing, the plane of the nacelle entrance was
located at the lO-percent—chord station. The nacelle entrance was normal
to the air stream (figs. 3(b) and 5). To avoid extensive filleting of
the lower surface of the wing-nacelle Junctures, the upper portion of
the basic nacelle was allowed to extend above the upper surface of the
wing (fig. 2(b)), and the cross sectlon of the nacelle forebody between
the nacelle reference plane (fig. 5) and the lower surface of the wing
was altered slightly so the nacells surface would Intersect the lower

gsurface of the wing nearly at right angles. With the nacelle in this
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position, the Jjet engine would extend through the wing but probably would
not interfere with the front wing spar. _

For a modlfilcation of the underslung design, the forebody elements
were translated fore or aft so that the plane of the air inlet of the
nacelle was swept along a line at 10 percent of the wing chord measured
in the streamwise direction (figs. 3(c) and 6).

For the nacells at the wing tip, the slze was reduced to ocne—smeventh
full scale whille the design shape was maintained. The inlet was placed
at the wing leading edge. (See figs. 3(d) and 7.)

No attempt was made to design proper Intermal ducting downstream of
the inlet rakes, (See figs, 4 through 7.) The basic design, exemplified
in the central Inboard and tip positions, Included a simuleted Jet-engine
accessory housing, However, iIn the underslung positions, an asymmstric
duct was employed as shown in figures 5 and 6,

TESTS

Measurements of 1Ift, drag, pitching moment, ram-pressure recovery,
end surfece pressures at various angles of attack wore made at a test .
Mach number of 0,16 and a Reynolds number of 1,880,000 based on the mean
asrodynamic chord of the wing., In addition, drag data for the model at
en angle of attack of zero and an Inlet—veloclty ratic of zerc were
obtalned for various test Mach numbers up to 0.33, and a Reynolds number
of 3,700,000, Tunnel-wall correctlons to the force measurements were
applied according to the mesthods discussed iIn reference 5, with modifica—
tions to account for the effects of swespback:

(oA Oy + 0.985 CLU.

Cp = Cp, + 0.020 cLuE

The effects of the boundary layer of the dummy floor and of alr leakage
between the wing root and the floor plates on the characteristics of the.
model were not determined. These effects are believed to have been small,

Force measurementd and pressure—distribution data were ohtalned
separately, During force measurements, the internal air flow was reg-
ulated by changing screens in the nacelle duct behind the entrance rake.
Figure 8 shows the variation of inlet~velocity ratio with angle of attack
with screoens providing nominal inlet—velocity ratios of 0.3 and 0.6 and
wlth the screens removed to permit maximum flow, Force and pressure
gtudles for an inlet—velocity ratlo of zero were masde with a flush plug
and with a faired plug In the tall pipe as shown In figure 9.

During pressure—distribution measurements, alr flow through the
nacelle was maintained by a variable—speed centrifugal compressor outsidse
the wind—tunnel test. chamber., A flexible rubber hose, fastened to the
nacells tall plpe, was used to commect the nacelle to the suction system.
The quantity of internal air :E‘low was measured by a calibrated arifice
mater,
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The duct-entrance losses were measured by rakes of total— and static—
pressure tubes, The rake locations are shown in figures 4 to 7. The
pressure dlstribution over the upper— and lowsr—surface center llnes of
the nacelle and in the wlng-macelle Junctures wes measured by flush
orifices connected to multiple—tube manometers. The manometer readings
were recorded photographically, Tuft studliss of the flow over the upper
surface of the modsl woere made with the nacelle In each position. Im
conJunction with the force measurements, the total-pressure losses through
the nacelle duct wore measured by means of a rake of pressure tubes moumted
Independently of the model at ths tall—pipe exit as shown In figure 10.
The pressure~loss data were then utilized to compute the Intermal drag of
the nacelle for each positlion., The exbernal drag due to the addition of
the nacelle to the wing was obtained by subtracting the drag of the plain
wing end the intermal draeg from the total model drag as measured by the
scale system. Since the extermal drag of the nacelle was small compared
to the total drag of the model, there was considerable scatter in the
external nacelle drag resultis.

RESULTS AND DISCUSSION
Force Characteristics

Plain wing.— The 1ift and pitching-moment coefficients of the plain
wing are shown in figure 11 for the test Reynolds number of 1,830,000, Im
addltion, the force characteristics of the same wing for a test Reynolds
nuwber of 2,700,000, obtained from reference 1, are presented. Imspection
of the flgure indicates that In comparison with the results of reference 1,
the data from the present test, at the lower Reynolds number, show some
reduction in the lift—curve slope at the higher angles of attack and a
reduction of the 1ift coeffilclent at which the pitching moment becams
unstable.

Wing with nacells.— The 1ift and stebllity characteristics of the
wing with the nacelle In the various positions are glven In figures 12
through 15, and some of the characteristics are summarized in table IIT.
A study of these data reveals that the nacelle In its varlous positlioms
produced only emall effects an the 1ift emd on the statlc longlitudinal
stabillty of the wing. The slops of the lift curve of the wing was anly
slightly affected by the nacelle in the Inboard positions, but was
increased somewhat by the nacelle in the tip position, In all the posi—
tions, the nacelle delayed the umstable break in pitching moment to 11ft
coefficients slightly higher than for the wing alone, At 1ift coeffi-—
cients beyond the beginming of the stall, all the con.figurations were
wmnstable. Up to the highest test angle o:E’ ettack, 20 maximm 1ift had
not been reached for the wing or for any of the wing—nacelle combinations,
The 1ift and stabllity characteristlce were found to be practically inde~

pendent of inlst—veloclty ratio,
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The total—drag polars are presented In figure 16 for the wing and
for the wing with the nacelle in the varilous positions with a falred taill—
Pipe plug to provide an inlet—velocity ratlio of zero. The varlation of
the nacelle drag coefflcient in the different positions, based on the
nacelle frontal area, is shown in figure 17 for inlet—velocity ratlos of
zero and 0,6, The data show that, for an Inlet—velocity ratio of 0.6,
nacells posltion had but 1little effect on the varlation of the extermal
drag coefficlent with 1ift coefficlent. Values of mnacelle drag coeffi—
cient are presented In table III.

For zero Inlet veloclty, the effect of a flush tail-pipe plug was
Investigated., In comparison with the faired tall-plpe characteristics,
the only appreciable effect attrlibutable to the flush plug was an Incre—
ment of drag coefficlent., For the nacells In the central imboard positiom,
a representative case, the following increments in drag coefficient (based
on wing area) were observed:

CL, Cp Increment
~0,1 0.0007
0 .0009
.15 .0009
.30 .0005

For 1ift coefflclents greater tham 0,35, the drag—coefficient increment
was 00,0002 or lesa,

The varlation of drag coefficlent with Reynolds number for the wing
and for the wing with the nacells In the various positions 1is presented
in figure 18 for an angle of attack of 0° and an inlet velocity of zero.
It is shown that the addition of the nacelle to the wing in any one of the
positions caused 8 drag increment which was relatlvely constant throughout
the range of Reynolds numbers investigated.

Internal Preasure Recovery

The variation of ram—pressure recovery ineside the entrance of the
nacelle is shown In filgures 12 to 15. For inlet—velocity ratios greater
than zero and less than unity, at least 95 percent of the free—stream ram
pressure was recovered in the nacelle for positive angles of attack up to
"( for the nacelle in each position. The best recovery characteristlcs
were obtained with the nacelle in the underslung Iinboard position with the
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inlet normal to the air stream (fig. 13). The effect of inlet—velocity
ratio on the ram-pressure recovery wae small, except with the nacelie in
the central inboard position (fig. 12). The increase In the entrance
losses at the higher angles of attack was found to result from stalled
flow on the lmner surface of the inboard portion of the duct lilp.

External Pressure Distributlion

The pressure dlstrlibution over the center lines of the upper and
lower surfaces of the nacelle and In the wing-nacelle Junctures for the
nacelle In each posltion is presented iIn the following figures for inlet—
velocity ratios of O and 0.6:

Inboard Outboard
Center lines Junctures gunctures

Nacelle position Tp
per Lower
Face | Burface Upper | Lower |Upper | Lower

Contral inboard 19(a) | 19(p) |19(e) | 19(a) j19(e) | 19(2)
Underslung Inboard with

normel inlet 20(a) 20(b) }20(e) {20(4) |20(e) | 20(r)
Underslung Iinboard with

swopt inlet - 21(a) - 21(b)| - 21(e)
Tip 22(a) 22(b) |22(c) | 22(a) 22(e)

The upper-surface pressure distribution for the nacelle iIn the umderslung
inboard position with the swept inlet is not presented since, for all .
practlcal purposes, it was the same as that for the macelle in the same
position with the normal inlet,

The pressure distribution over the nacelle In each position shows the
exlstence of localized regions near the duct entrance over which the veloc—
itles were in excess of the maximum velocities over the plain wing at 31—
percent semispan (fig. 11). However, behind approximately 5 percent of
the nacelle length, the veloclties over the nacelles were less than those
over the plain wing at 3l-percent semispan. The saddle in the pressure
distribution on the upper surface between 5 and 10 pexrcent of the nacelle
length for the nacelle in the umderslung inboard position (fig. 20(a))
was due to the nacells extending above the wing as shown In figures 2(b)
and 5. An Increased velociiy was noted over the aftorbody of the nacells
in the tip position as shown in figure 22(a).
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Studles of the pressure distributlion over the nacells In the various
positions on the wing were made with Inlet-—velocity ratios of 0, 0.3, 0.6,
0.9, and 1.2. Only the results for inlet—veloclty ratios of O and 0.6 are
preosented., The major effect of Increaslng Inlet-wveloclity ratio was a
decrease 1n the velocitiles over the leading 15 percent of the nacelle
length, Behind about 15 percent of the nacelle length, or 20 percent of
the wing chord in the Junctures, the pressure distribution was affected
only slightly by inlet~velocity changes.

Critical Mach Rumber

The variations of the predicted minimum critical Mach number with
angle of attack for the upper surface of the nacelle and in the wing-—
nacelle Junctures for all the test Inlet—veloclty ratlos are shown in
figure 23. The criltical Mach numbers for these curves were predicted
from the test values of the minimum presgure coefflcients for each test
condlition by the application of the Karma.n—'l‘sien hodograph msthod as
discussed In reference 6; no correction was applied for the effects of
sweepback,

In table IV, values of critical Mach number are tabulated for the
range of low—gpeed pressure coefficlents obtained in thse present test,
The data of flgure 23 and wable IV can be used to determine the minimm
low-speed pressure coefflclient for any angle of attack and inlet velocity
ratio, The minimum pressure coefflcient can then be utllized in inter—
polating or extrapolating between or beyond the pressure-—distribution
curves piesented for inlet velocity ratios of O and 0.6 in figures 19
through 22,

From analyses of experimental high—epeed data, references 7 and 8
have shown that the Mach number for which scnic velocity occurs at the
orest of an airfoil (the chordwlse station et which the upper surface of
the airfoll is tangent to the free—stream direction) may be a better
estimation of the Mach number for which the abrupt superoritical drag
rise begins than 1s the Mach number assoclated with the Initial occurrence
of sonic veloclity om the airfoil, A similar concluslion was reported in
reference 9 from high-speed tests of the wing of the present Investigatiom,

In order to indicate an equltable evaluation of the effect of the
nacelle of the present test on the Mach number assoclated with the abrupt
supercritical drag rise of the wing at high speed, local (or sectional)
values of both the minimum ecritical Mach numbers and the critical Mach
numbers at the alrfoil cregst have been predicted. They have been pre—
dicted by utlilizing the Karmen-Tsien method (table IV) to extrapolate the
low—speed pressure coefficlents to values assoclated wilth the occurrence
of local sonic velocities, The effects of sweep on the critical pressurs
coefficient, as discussed in reference 9, were not iIncluded In tle calcula—
tions slnce insufficlent data were obtained to permit a determination of
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the isobars on the wing and nacelle combination. The variations of the
minimum critical Mach number a&nd of the critlcal Mach number at the crest
with angle of attack for the wing at 31 percent of the semispan are shown
in figure 11, Corresponding curves for the wing with the nacelle in the
varlous positlons are shown In figures 19 through 22, A compariscon of

the data indicates that the critical Mach numbers predicted from pressure
coefficients for the wingmacells combinations et statlons corresponding
to the crest of the airfoll are, in general, higher than those predicted
for the plain wing. Therefore, it appears that the addition of the nacelle
to the wing in the varlous positions would causs no dscrease In the free—
stream Mach number at which the abrupt drag rise would begin in high—speed
flight., In additlon, a study of the critical Mach numbers at stations
corresponding to the airfoll crest indicates that the effect of varying
inlet—velocity ratioc should have 1little effect on the Mach number for drag
divergence.

Tuft Studies

Photographs made during tuft studies are included in figure 24 to
show the flow over the upper surface of the wing with and without the
nacelle, The results for only one of the umderslung Inboard nacellse
designe are presented since the flow over the upper surface of the model
was similer for the two designe, The tufts indicate that the addition of
the nacelle did not greatly affect the stall patbern or the progression
of the stall with increasing angls of attack.

CONCLUDING REMARKS

A nacelle with an Inlet In 1ts nose at or near the wing leading edge
had llttle effect on the 1lift characteristlce of a model wing with its
leading edge swept back 37.25°., The drag increment due to the nacells,
based on its frontal area, was of the order of 0.045 for the nacelle at
31 percent of the semispan and 0.035 for the nacelle at the wing tip.

The addition of the nacelle increased the static longitudinal stability
slightly over that for the plaln wing and generally Increased the 1lift
coefficient at which an unstable break In the pitching moment occurred.
Changing the Inlet—veloclty ratio had 1little effect on the 1ift and piltch-
Ing moment. Tuft studies Indicated that the addition of the nacelle to
the wing had little effect on the stall pattern. ’

Increasing the Inlet—velocity ratio reduced the local velocities
over the nacelle 1lips, thereby increaslng the predicted minimum critical
Mach numbers for the wing-nacelle comblinations. However, the critical
Mach numbers predlcted for the wing-nacelle combinations for stations
corresponding to the crest of the alrfoll were nearly independent of
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inlet—velocity ratio and they were gemsrally hlgher than those predicted
for the crest of ths plaln wing.

For positive angles of attack up to 7°, and for inlet-velocity ratios

less than wnity, the rem—pressure recovery inside the nacelle entrance was
at least 95 percent of the free—atream ram pressure for the nacelle In each

position.

Natiomal Advisory Commitiee for Aercnautlcs,

Ames Aesronsutlcal ILaboratory,
Moffett Fleld, Calif,
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TABLE T

COORDINATES FOR AIRFOIL )
SECTIONS PARATIEIL TO FRER ATR STREAM
[Stations and ordinates given In

percent of airfoil chord]

Upper Surface Lower Surface
Station Ordinate Station Ordinate

o] o] o} 0
165 .908 64T - .820
.733 1,103 .935 - .979
1.275 1.h11 1.504 -1,22%1
2,64L 1,961 2,905 -1.632
5.388 2.754 5.679 -2,196
8.129 3.355 8.426 —2.,608
10.859 3.846 11.153 —2.939
16.279 4,614 16.555 —-3.439
21,647 5.175 21.890 —3.79k4
26.959 5.530 27.163 —4.,035
32.213 5.845 32.378 ~%.177
37.413 5.978 37.534 4,220
42,555 5.983 42,635 C=4,165
b7 .64 5.816 7,680 -3,968
52,674 5.525 52,674 -3.673
57.649 5.135 57.618 —3.307
62,569 L 666 62,512 -2.887
67.433 4,133 67.358 -2,432
72,242 3.551 72.156 -1.95k
76.998 2,934 76,909 -1 471
81.701 2,297 81.616 —1,003
86.350 1,662 86.279 - 573
90,948 1.049 90,899 - .216
95.497 48l 95.473 .022
100,000 .048 100,000 .olt8
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i ) NACA RM AS0A13
TABIE II

NACELLE DETATLS

Inlet Exit Frontal Maximim Madal

AT e

Nacelle position | aresa area area |ILength|diameter scals
(sq 1n.) {(sq in.) |(sq in.)} (in.)] (4n.)

Central inboard 8.12 1 9.08 %0.715 | 36,00 T.20 1/6

Underslung inboard | 8.12 9.08 40,715 | 36.00 7.20 1/6
with normal inlet

Uhderslung inboard | 8.12 9.08 40,715 | 36.00 7.20 1/6
with swept inlet

Tip 5.81 6.70 29.913 | 30.85} 6.17 | 1/




TABLE ITT

SIMMARY OF FORCE AND RAM-RECOVERY CHARACTERTBTICS

roxlmete Ram-recovery
Mol ol i o o =0 | M | as i ratlo

dssignation T, FP 0y, for wnsetable oy, o . -

. | break In Oy (deg) =20 Cy=0 Op=0.5 a=0 a=hH

Plain wing -~ | 0.067 0.78 1,2 ~0,020 { 1L0L | —r |~ - -
W Tlth 0 '%9 '85 —l9 _-m - 0'075 0.071 0-80 0-71
jng ]J.Q in a3 1069 - -'1.0 - l'.ll e e — - 199 I%
mace L -- —= | ===] ==} s | Lous | 3@ | .38
central lnboard) .64 069 .90 -1.1 -2 ] 1,11 |~ | ——— - -
position 9 - == - - - - - .95 Sl
. 1.2 - — - - - _-— —_— | m——— ] ——— 85 85
Wing with 0 L0867 .TO ~l.1 —. 021 1.03 LTL .069 .91 O7
nacells in .3 L0658 - ~1,0 ———l 1,02 | mm | —— .99 .59
underslung b |- - - —— -— .032 031 .99 .99
tlon with Q2 | =-—- - —— - —_— m—— | - .99 .59
normal inlet 1.2 J =~ - -- - —— | ==}~ 99 .99
Wing with 0 L0687 »90 ~1.0 —-032 | 1,01 100 .105 .92 .88
nacells in .3 LO8T - -9 —-—=1 103 [~~~ | ~=- .98 .98
mdersling N -~ -~ —— - .036 .036 .98 .98
mbm pOBi— -73 1%7 .% _¢9 —.032 1-% — e = ——— b ——
tlon vith 9 | --= -- T B R T e B
svept inlet L2 f—-= -- - --—}} == |-—--}-—=1] 93 92
0 LOTL 80 ~L.1 -.068 | 1.03 OhT kT .99 .99

Wing with 3 LOTL - ~1.1 —_— 106 | === | ~= .99 .99
D.B.Gel'].e m t’ip '6 ——— —8_ -—— - ?ﬁ.? - -031 uOEB -98 -98
.83 072 82 ~1.0 - 1,05 | m== | ——— —_— -
Poeition 9 | —— - - Noe RO IR S % .96
1.2 | ===~ - - - e T I 95 .95

4

CTVOSY W VDVH

T




NACA RM AS0A13

TABIE IV

VALUES OF CRITICAL MACH NUMBER AS DETERMIRED
BY THE KARMAN-TSTEN HODOGRAPH METHOD
OF REFERENCE 6

Pressure coef~
Critical ficient for
Mach Mach number
number approaching
Zero
1.000 0
.932 - 05
.88“{' —.l
545 - 15
.816 -2
. 769 —.3
.T30 -k
698 -5
.670 -6
-622 : "‘.8
583 -1.0
<511 ~1.5
461 -2.0
.39% -3.0
349 ~h.0
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NACA RM AS0A13
Wing area=8.283 square reet (semispan)
Aspect ratio=6.04 (based on full span)
c=20.736 Inches (parallel to root chord)
Taper ratio=0.5
’-——/3.333 —
Tip-nacelle cenfer line 4
—fme— —— -
/
NACA 64-2/2 /
airfoil section g\Loo/
25-percent chord
of airfoll section / .
27.06 percent chord
3/-percent wing semispan // iy
(spanwise locafion of S
nacelle center line) / S
/
/
«
L —_
7 —7 _22.534 — _
’ 28.297 ;Qg'
372 35 ‘/ N
/ %// : /
~—————— 26.667 All dimensions in Inches

Figure [.- Plan form of model wing.
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Eeb.  Brdoiemacacd K os et

(a) Front view of wing with nacelle in underslung inboard
position.

A-12087 ...

[
]

(v) Upper surface of wing with nacells in underslung inboard
position.

Figure 2.— Installation of wing with nacelle in inboard position in one
of the Ames 7- by 1l0-foot wind tunnels.
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(8) Central lnboard
poslition.

position with
normal inlet.

(o) Underslung inboard
position with
swept inlet.

(d) Tip position.

A-13440

Pilgure 3.— Nacelle in verious positions on the wing.
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4 All dimensions given &n incl
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station 75
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square Inches

-
inboard shoufder line A Tangent point
o inferseciion of fangant lines

[T 5000 -»
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@28 |

Inboard half-breadth
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Figure 4.~ Gopirol lins drawing for nacelle fesied in cenfral Inboard posiiion.
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‘Note:
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fine on nacelle reference plane
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Figura 5 - Goalrol ling drawing for nacelle f2sted in underslung inboard pogition with normol
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2
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%numfnbm’ about verfical cenfer plone
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scale
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A Tangent point
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Nacells frontal arao, 40.715 square inches
Jef-unlf eniry approximately station 75

Legend-

*
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Inlarseciion of tangen! lines
Shourder point

§

Figure 6.—Gonfrol line drawing for nacelle lested In undsrsivng Inboard position with swepl Infel.
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E&pwcanfy Jv 1

chord. \-Is-fubo roke
325
4 Jet=unit entry aporoximalsly station
8.0
Nofs: & Nocelle fromaf area, 2993
/. Nacelle is o body of revolution squara inches
2. Gontrol lines stralght beiwesn
tangeam poinfs . Legend:
J All dimensions given in inches A Tongent point
modsl scale © Infarsaction of tangant lines
a Shoulder point

Figure 7 — Control line drawing for nacelle lested at wing lip.
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3 infel-velocily ratio \
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2 T j(" — Nocelle positions —

e Genlral inboard

—————— Undersiung inboard with normal inlet

o ——— Understung inboard with swept inlet
—_—T7ip
0
-4 -2 0 2 4 6 8 10 2
Angle of altack, @, deg N

Figure 8.—Variation of inlef-velocity ratio with angle of allack during force lesls
for the nacelle in fthe wvarious pasitions on the wing,
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(b) Flush plug.

Figure 9.— Detail of tall—pipe outlet.

Figure 10.— Detail of tall—pilpe pressure rake. A-12081
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Figure Il.—LIft and pitching-momen! characleristics of the plain wing and the upper-surface

pressure distribution and critical Mach number af the 0.3/-percen! semispan station.
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Figure [2-Lift, pitching-moment, and ram-recovery characieristics of the wing and nacelle

with lhe nacelle in 'he cenfral inboard posifion.
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Figure [3.—Lifi, pliching-moment, and ram-recovery characleristics of the wing and nacelfe

with the nocelle in the undersiung khboard position with normal inlel.
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Figure [4—Lift, pifching-momeni, and ram-recovery characteristics of the wing oand nacelle
with the nacelle In the underslung position with swepl inlef.
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Figure [5~Lift, pitching-moment, and ram-recovery characleristics of the wing and nacelle with
the nacelle in the Hp position.
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{7 ,
. /‘f&gé/
6 /q{/\,//a /.//}/
N Suv S22
.2 }3/ / d
0 4 PAVE
:: ' Y ° MMW‘WM;‘M nacelle
(/
g 2 ,1/ ;2/ > /‘ }/ o] Canfra;,g inboard position
G fS / # 4 © Underslung inboard position with normal inlet
A Underslung inboard position with swept inlef
- i ; > i v 7ip position
:0: 0 A :
~ 3 >
-2 ?\h . \o\k \& \K
o Of o2 a3 04 05 06 o0or .08 .09 /0
Zero O O O O ©O
for o B ¢ a4 v

Drag coefficient, Cp

Figure [/6.— Total drag characteristics of fthe w/ng and
wing- nacefle combinations. V,/V,, O.

Nacelle posifion

a Central inboard
b Underslung inboard with normal inlet
¢ Underslung inboard with swept infet
d Tip
(E - 2
bﬁ Q [——] I
S Q N
X V7V, 06
S 08 it 08 s
" X 9
m AY
% :g d\ G [~ — b o
Q §.04 Vg, 0 04 == =
S o (M’
< g
S0 0
=2 o 2 4 .6 =2 o 2 4 6
Lift coefficient, G, 7

Figure [7.— Drag characteristics of the nacélle.
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Wing alons
Wing with nacelle

B Ceniral inboard posilion
© Underslung inboard position with normol inlet
A Underslung inboard position with- swepl inlet
v Tip position
0/2
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Figure 18— Variation of drag coefficient with Reynolds number for the wing
ond  wing-nacelle combinations. V,/V,, O and a, O°.
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Flgure [9.— Pressure disiribufion and crificel Mach number for the nacelle in the central inboard positfon.
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Figure 19.— Continued.
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Figure 22.-Concluded.
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Figure 23.~Volation of the minimum crifical Mach number for the nocelle in Ihe various
positieons on the wing.
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(b) Wing with nacelle in the tip position.

Figure 24.,— Tuft studies over the upper surface of the wing and of the wing with nacelle.

A-12761

64






04Z- 09-8T-F = AsTRURTI-VYOVN
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{c) Wing with nacelle in the central inboard positiom.

ay, 16°
(d) Wing with nacelle in the underslung inboard position R
with normel inilet. A-12760

Figure 24.~ Concluded.
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